Several natural triploid species of teleostean fishes, such as Carassius auratus gibelio, Carassius auratus langsdorfii, Poecilia formosa and Poeciliopsis monacha-lucida are reproduced by gynogenesis (CHERFAS 1966; SCHULTZ 1969; BALSANO et al. 1972; CHERFAS and EMELIYASOVA 1989; QUATTRO et al. 1992 ). There are two forms, triploid and tetraploid, in Carassius auratus langsdorfii living in Japan, and they are represented almost exclusively by females (KOBAYASHI et al. 1977) . The various reproductive modes including hybridogenesis, gynogenesis and bisexual reproduction in the Tropidophoxinellus (Rutilus) alburnoides complex were reported by CAR- MONA et al. (1997) and ALVES et al. (1999) . OJIMA et al. (1975) and CHERFAS and EMELIYANOVA (1989) found that triploidy appeared in the backcross offspring from crucian carp and common carp. Further, Zhang and his Japanese colleagues reported fertility of female triploid backcross progeny, (Carassius auratus cu6ieri × Cyprinus carpio)F 1 à ×Cyprinus carpio or Carassius auratus cu6ieri ß (ZHANG et al. 1992) .
The application of hybrid vigor and cross breeding are conventionally applied and has proven to be effective. Therefore, a vigor hybrid with gynogenesis is of advantage. Early in the 1970's, a way of maintaining the vigor in progeny of hybrids was advanced by us (WU et al. 1979) . Moreover, fertile triploid females with three complete genomes were found (WU et al. 1986 ). Karyological and morphological data analysis of embryonic cells and offspring revealed that female allotriploid carp reproduced unreduced triploid ova and viable gynogenetic triploid offspring (WU et al. 1993; WU et al. 1997) . Few female allotriploid carp whose female nuclei possess the ability to fuse sperm nucleus of related species and reproduce allotetraploid offspring were discovered (YE and WU 1999) . In the present paper, chromosome analysis, morphological traits, microsatellite markers and RAPD pattern comparisons between allotetraploid carp maternal and its offspring were carried out and results demonstrated that reproduction mode of this allotetraploid carp was gynogenesis.
MATERIALS AND METHODS

The experimental fishes
Allotetraploid carp with 200 chromosomes were obtained from one female allotriploid carp back crossing with a red crucian carp in the reproduction season of 1999. Allotetraploid females reared in the ponds of Guanqiao Experimental Station, Institute of Hydrobiology, were mature at one year of age. Also, males of red crucian carp (Carassius auratus var. red), red common carp (Cyprinus carpio var. red), Chinese blunt snout bream (Megalobrama amblycephala), Pseudorasbora par6a and Hemiculter leucisculus were collected from the same Station.
Induced spawning and incubation
Single injections of a mixture of carp pituitary gland with human chorionic gonadotropin (HCG) were used to induce ovulation of female fish and spermiation of male fish. The ripe ova of each female spawner was separated into several parts, one part of ova was inseminated by inactivated sperms, other parts by red common carp sperm and other species sperms, including crucian carp, Megalobrama amblycephala, Pseudorasbora par6a and Hemiculter leucisculus. Fertilized eggs of different groups were spread on nylon screens immersed in separate plastic tanks. At the same time about 200 fertilized eggs were spread in numbered petri dishes of 10 cm diameter. Fertilization rate and viable fry rate were counted from petri dishes at gastrula and hatching stage respectively. The incubation temperature was maintained between 20-23°C. Fries of all experimental groups were raised in separate ponds.
Sperm inacti6ation and artificial gynogenesis
Sperm was collected and diluted by Hank's solution, then delivered into a petri dish. The petri dish was put on a plastic box containing ice and sitting on a mini-vibrator. Sperm was irradiated for 10 min by a 15 W germicidal ultraviolet lamp at 17 cm from the surface of the solution. The irradiated sperm was able to activate the eggs and was used as an activator for artificial gynogenesis. Embryos developed from the female genetic complement only.
Ploidy determination
The preparation method of gastrula cell chromosomes has been described earlier (WU et al. 1986 ).
Ten offspring of about 100 g from each group were randomly sampled for chromosome counts of renal cell culture (YU et al. 1989) .
Total DNA extraction, RAPD and microsatellite analysis
DNA was isolated from maternal fin and whole fingerlings which were produced from the same female crossed with different males. Microsatellite primers were synthesized according to CROOIJMANS et al. (1997) . Random primers for RAPD purchased from Operon Co. (Shanghai Branch) were used and amplification conditions were based on WILLIAMS et al. (1990) and WELSH and MCCLELLAND (1990) with some modifications. Amplification reactions were performed in 10× reaction buffer (500 mM KCl, 10 mM Tris-HCl, 15 mM MgCl 2 , 1 % Triton X-100) 2.5 ml dNTP (1.25 mM) 1 ml 1 unit of Taq DNA polymerase, 0.2 mM primers and 20 ng of genomic DNA ton a final volume of 25 ml. After a pre-denaturation at 95°C for 5min, samples were processed through 35 cycles consisting of denaturation at 95°C for 30 s, annealing at 55°C for 45 s and extension at 72°C for 90 s, respectively. The amplified products were separated on 2 % agarose gel. The gel was observed and photographed with an ultraviolet analyzer.
RESULTS
Experimental crosses
Sperms of several species of fish, including normal sperms of related species and inactivated sperms of crucian carp, were used for fertilizing eggs of allotetraploid carp. Among normal sperm used, chromosome numbers of Megalobrama amblycephala (1n= 24), Hemiculter leucisculus (1n= 24) and Pseudorasbora par6a (1n= 25) were quite different from common carp and crucian carp. Results indicated that no matter what kind of sperm used, their offspring were all allotetraploid, and no different morphological characteristics were found between the offspring and the maternal side. These reproduction experiments were repeatedly carried out in 1998, 1999 and 2000 for three successive generations, and results were all the same.
Sex ratio and maturity
Over one hundred 1-year-old allotetraploid carp offspring were dissected to examine their sex and nearly one thousand of 1-3 year old mature individuals were used for reproduction. In three successive generations of allotetraploid carp no any male individual was detected. However, among the one hundred individuals of the original generation of allotetraploid carp, 54 females and 46 males were found. Under light microscope secondary spermatocytes and spermatids were observed, squashed and stained with hematoxylin fresh testes of original generation, but spermatozoom was never found. In all females, whether from the original generation or from successive generations, gonads developed very well and the females can attain sexual maturity in the spring of the second year.
Chromosome number of progeny
Chromosome numbers examined in all embryonic cells from the second generation of allotetraploid carp, including offspring from crosses between allotetraploid carp eggs with normal sperms of related species, or genetically inactive sperms, were tetraploid (4n= 200) ( Table 1 ). In offspring grown to 100 g, chromosome counting of 320 phases randomly sampled from renal cell culture of 30 fingerlings showed that chromosome numbers were 195-205 with a mode of 200. These results suggest that female allotetraploid carp produced unreduced eggs and developed gynogenetically. 
Morphological traits
The allotetraploid carp looks much like a gibel carp (triploid silver crucian carp) in its appearances, except for its gray-yellowish body color instead of gray-white color in gibel carp. Morphological traits, including rays of dorsal and anal fins, scales on the lateral line, pharyngeal teeth, barbels and gill rakers of allotetraploid carp offspring were identical to their mother, no matter of which activators, normal sperms of related species or irradiated sperm, were used ( Table 2) . Stability of morphological traits of successive progenies in allotetraploid carp might be evidence for unreduced female nucleus without fusing with any male pronucleus.
RAPD analysis
Genomic DNA samples of 12 fingerlings sampled from offspring activated by normal sperms of red common carp, red crucian carp, Pseudorasbora parva respectively, and the one and same allotetraploid female carp were used for PCR amplification reactions. A total of 946 alleles were amplified from 12 samples by using 16 primers from two groups of RAPD primer. All of the 946 alleles, except 2 individuals with 1 different allele from primer opp12, were identical in all samples and their mother.
Microsatellite marker analysis
The allotetraploid mother and her 20 fingerlings produced by different activators were sampled for microsatellite marker analysis. Four fingerlings from each paternal; Megalobrama amblycephala, Pseudorasbora par6a, Ictiobus cyprinellus, red common carp and red crucian carp, were randomly sampled. Eleven pairs of microsatellite primers, MFW1, MFW2, MFW5, MFW8, MFW13, MFW18, MFW20, MFW25, MFW26, MFW28 and MFW30, were used for amplification. A total of 48 alleles were amplified from 11 pairs of primers. Alleles numbers amplified and length of every fragment from any offspring sample were identical to the mother, no matter what sperm was used for activation. By using 11 pairs of microsatellite primer comparison of alleles between allotetraploid carp offspring, maternal, paternal species (red common carp and red crucian carp) was carried out. Results indicated that a total of 48 alleles were found in the maternal material and its offspring activated from two paternals. However, there were 15 alleles shared between red common red carp and allotetraploid carp offspring and 8 alleles were specific for the paternal species red common carp. Between red crucian carp and allotetraploid carp offspring there were 7 shared alleles and one allele was specific for red crucian carp. These paternal-specific alleles were never detected in allotetraploid carp offspring.
DISCUSSION
Reproduction modes of polyploid fish varies, such as bisexual, hybridogenesis or gynogenesis (KOBAYASHI et al. 1977; GUI et al. 1993; CARMONA et al. 1997; ALVES et al. 1999) . In previous papers, the natural gynogenetic characteristics of an artificial allotriploid carp were reported (WU et al. 1993 (WU et al. , 1997 . If allotetraploid carp reproduced reduced ovum containing two genomes and could fuse with a male nucleus, offspring should be triploid, and morphological traits would be different from its mother. Also, if sperms of Megalobrama amblycephala or Pseudorasbora par6a incorporated with this female pronucleus in experimental crosses, chromosome numbers of offspring should be 124 or 125. Nevertheless, chromosome counting revealed 200 (4n) in all of the offspring. Moreover, offspring from artificial gynogenesis presented tetraploid and their morphological traits were identical to their mother. RAPD and microsatellite marker analysis showed that fragment patterns of all offspring of same maternal eggs activated from different species sperms were identical to that of their mother. These results suggested that if the allotetraploid carp was unisexual and reproduced gynogenetically, its ova should be in unreduced form. The female nucleus of this kind of ovum will not fuse with any male nucleus, development of embryo is controlled solely by maternal heredity, offspring should retain their allotetraploid and are all clonal individuals genetically identical to their mother. The application of hybrid vigor and crossbreeding are applied conventionally. Nevertheless, phenotypes of hybrid progenies, which carry hybrid vigor and propagate through bisexual reproduction, will segregate inevitably when they undergo sexual reproduction and their hybrid vigor will decrease in subsequent generations. A more serious consequence might be when hybrids are released into open water bodies, because hybrids will randomly cross with their related species. Therefore, a vigor hybrid with gynogenetic characteristic is of advantage. The genomic plasticity of fishes facilitates formation of viable interspecific hybrids, even intergeneric hybrids. Also, it is not uncommon that viable distant hybrids are allotriploid containing 2 maternal genomes and 1 paternal genome (BECK and BIGGERS 1980; DAWLEY et al. 1987; ECHELLE et al. 1988; WU et al. 1997) . Supposing allopolyploid hybrid is vigor and reproduced unreduced ova, whatever they develop by means of natural gynogenesis or by artificial gynogenesis, a maternal hereditary clone will be constructed. Our experiments showed that an allopolyploid clone could be induced from a combination of intergeneric hybridization. This may be a better way for application of fish hybridization. However, what kind of hybridization combination will reproduce fertile female offspring reproducing unreduced ova remains to be explored. 
